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PHONE. 3Z .0283
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.	 ELECTROCHIMICA CORPORATION
1140 O'BRIEN DRIVE MENLO PARK	 CALIFORNIA . 94025
January 20, 1969
N 69-22889	 ELCA Ref: 5.069(WO 3080)
National Aeronautics t; Space Administration
Washington, D. C. 20546L
Attention: Program/Technical Manager
Code RNW - Ernst M. Cohn
Reference. Contract NAS 7-653
Subject:	 Third Quarterly Status Re port, "Non-Noble'Metal
lectrocata ysts or uel Cells"
Gentlemen:
Due to delays in approval of an extention and amendment of
this contract, this quarterly report is delayed and covers a five
(5) months period from August through December 1968. Work in
November and December, however, was limited in scope.
The small bubble cell was used briefly during this period for
catalyst evaluation at elevated temperature at which the SIRED device
does not operate. The device, which was described in detail in the
Second Quarterly Report and illustrated in Figure 1 of this report..
employs small 1" x 1" test electrodes vs. two bright nickel modes.
Although it was hoped this device would give valuable data at higher
temperatures, i.e., 80 0C, results obtained have been unsatisfactory,
in general. Since the mass transfer of randomly rising bubbles is
difficult to control, test runs are too often irreproducible. For
example, figure 2 gives data obtained from three (3) electrodes pre-
pared under identical conditions. The catalyst used is SP-8 (see
Table 1), -supported on International Nickel Type 287 (Nickel 111311).
The varia •-ion in polarizat4on. at 40 mA (1.25 mA/cm2 ) is greater than
150 mV. Such irreproducibility prevents any meaningful comparison
of catalytic activity and thus the use of the bubble cell device has
been discontinued.	 CAT- d G	 _/ V
Copy No. S'
TABLE I 
f )
CATALYST DEFINITIONS AND COMPOSITIONS
Designation	 X = Type
SP-1 0.1 ZnxC 00.95 _xFe 204
SP-2 0.2
SP-3 0.4
SP-4 0.1 Ni xC00. 95_xFe204
SP-5 0.2
SP-6 0.4
SP-7 2.07 Co3_xFex04
SP-8 2.10
SP-9 2.15
SP-10 - Ni 0.90Fe2.104
SP-11 0.10 Mnx Coo. 95-x 
Fe 204
SP-12 0.20
These Proprietary compositions have been conceived and
reduced to practice prior to the date of the contract
under which this report is prepared. They are subject
to patent applications.
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The SIRED (Semi-immersed Rotating Disc Electrode Device), how-
ever, has continued to yield meaningful results. Figure 3 illustrates
the device which is constructed of Lucite. Briefly, a semi-immersed
rotating test cathode is countered by a bright nickel anode in an
oxygen atmsophere. Results have been fairly reproducible (within
± 10%) .
During the reporting period spinet catalysts were evaluated on
six (6) substrate materials:
1. Silver  Powder
2. Boron Carbide -
3. Boron Carbide -
4. American Cyanam
5. Acetylene Black
6. Nickel  Type 2$7
325F
100OF
id 99% Graphite
(Shaw i n i gan )
(Nickel "B", International Nickel Co.)
Selected spine] catalysts were mixed with each of the above substrates
and teflon binder in a Waring blender. Such mixes were then dried,
screened, and carefully spread on nickel electrode holders. The
electrode mix was then pressed on the holder at the desired pressure
and temperature. Results using each substrate material are discussed
below.
Silver Powder: Silver powder as a substrate material yielded
high unstable cathode polarization. Even when platinum black was
used as a catalyst, cathode polarization was in excess of 250 mV
(vs. Hg/HgO reference) at only 3.2 mAlcm 2 . Further studies with
silver as a substrate have been discontinued.
Boron Carbide - 325F: Results with this material are discussed
in the Second Quarterly Report. Results were poor and the use of
Boron carbide - 325F was discontinued. Since then, however, another
grade 84  was obtained.
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Boron Carbide - IOOOF: Specially treated 8 4C was recently
received from the Norton Company. A preliminary test electrode
yielded rather low cathode polarization on the first run (142 my
at 6.4 mA/cm2 ); however, subsequent runs on the same electrode gave
higher polarization and a significantly lower limiting current (see
Figure 4). Electrolyte flooding of electrode pores during the first
run is apparently responsible and may be retarded or eliminated by
the use of higher teflon concentration and thus better wet proofing.
Such a determination will be made in the next few weeks of the pro-
gram.
American Cyanamid gg% Gr#2hite: This material was tested as
a substrate material. Two electrodes each, containing catalyst SP-8,
Pt black, and also two electrodes with no catalyst were made. The
Pt black and no catalyst electrodes were to serve as controls. Test
in the SIRED device showed near identical results for all electrodes,
regardless of catalyst or lack of catalyst. No plans are made for
further investigation of this substrate.
Nickel Type 287 (Nickel "B"): This substrate yielded repro-
ducible results, which were discussed in some detail in the Second
Quarterly Report.
Shawinigan Black: This acetylene black has produced the lowest
polarization and most reliable (i.e., repeatable) results to date.
It was found that the pressure used in the preparation of electrodes
has a marked effect on their performance. In Figure 6 the perform-
ance of electrodes pressed at 1.5 tons/in 2
 (TSI) and 6 TSI for both
the platinum and SP-8 catalyst is compared. The substrate used was
acetylene black (Shawinigan black) and the reproducibility was found
to be excellent both for repeat runs on a given electrode and for
runs on separate electrodes. The more porous electrodes 0.5 TSI)
exhibit substantially lower polarization at low current densities
than do those pressed at 6.O TSI. However, the less porous
electrode (6.0 TSI) has a far better limiting current density (less
than 20 mA/cm2
 vs. 7 - 10 mA/cm2 ) . It appears that a higher  porosity
(i.e., pressed with .a lower pressure) electrode is beneficial in the
i
lower current density region; however, at least under the conditions
of operation in the SIRED device, at higher current density the more
porous structure offers an opportunity towards a greater build-up of
mass transfer effects within the body of the electrode, thus leading
to early reaching of limiting conditions. This would explain the
tendency of crossovers between both sets of curves, onefor the
platinum catalyst and the other for catalyst SP-8, as shown in
Figure 5.
A complete set of data on all spine] compositions has been
collected using Shawinigan Black as a substrate material. Table H
summarizes cathode polarization at 50 mA and 100 mA (3.7 mA/cm 2 and
7.4 mA/cm2 ) .
There is some irreproducibility in different samples of the
same composition, hence electrode polarization is expressed as a
range of values. As can be seen from Table II there is some overlap
in the performance of the various spine]  cato1ysis. Catalysts SP-5,
SP-8 and SP-13 appear to be the most active cataiysts, while SP-10
and SP-11 are definitely less active. These results depend also on
electrode preparation, wetproofing on the immersion time (flooding
effects) . This accounts for some i rreproduc i b i l i t i es taken in the
time scale. As can be seen for instance, in Table III for a set of
electrodes pressured at a higher pressure of 2.04 tons/in 2 , generally
lower polarization values were obtained, especially for spinnels
SP-8 and SP-9. Thus, a lower porosity which limits flooding effects
(even while perhaps diminishing true area) is helpful for the SIRED
device because of the manner in which it operates. Since SP-8 has
in past work repeatedly also shown itself most promising, it repre-
sents a composition around which further studies should be conducted.
4
The resistivity
the third quarter. A
of approximately 0.2"
composition appear in
reflects lack of repr,
composition.
of each s p
four point
X 0. 1" x 1
Table IV.
Dducibility
inel composition was measured during
method was employed on small bars
. 0 11 . Results for each spinet
The range of values for each spinet
of different specimens of the same
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TABLE II
CATHODE POLARIZATION _OFP I NEL CATALX5T J
ON ACETYLENE BLACK SUBSTRATE AT 1.5 TSI
PREPARED AT 1 .5 TS I
Spinel
Catalyst
i	 =
Cat o e Polarization
10 mA	 i = 50 mA
(3.7 mA/cm2 }
in mV at
I	 -
(7.4
100 mA
mA/cm2 }
SP-1 125 -	 140 185 - 205 245 - 260
SP-2 140 -	 150 185 - 200 250 - 265
SP-3 110 -	 130 190 - 200 235 - 245
SP-4 120 -	 130 170 -	 180 220 - 245
SP-5 105 -	 120 160 -	 180 200 - 230
SP-6 130 -	 140 200 - 210 270 - 280
SP-7 120 -	 130 200 - 220 245 - 270
Sp-8 100 -	 120 160 -	 170 220 - 245
SP-9 145 -	 155 215 - 220 270 - 280
SP-10 140 -	 180 240 - 270 320-	 350
SP-1 1 160 -	 170 220 - 240 300 - 320
SP-12 120 -	 140 185 - 210 220 - 260
SP-13 90 -	 110 150 -	 180 180 - 210
SP-14 130 -	 150 200 - 220 240 - 260
i
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TABLE III
CATHODE POLAR ZATION OF SPINEL CATALYSTS
ON ACETYLENE _BLACK SUBSTRATE PREPARED AT 2.04 TS I
Spinet
Catalyst
i	 =
Cathode
10 m
Polarization
i =50mA
(3.7 mA/cm2 )
in mV at
i	 -
(7.4
100 m
mA/cm2)
SP-1 115 -	 130 180 - 200 205 - 220
SP-3 115 -	 120 180 - 200 205 - 230
SP-4 95 -	 105 165 -	 180 190 - 220
SP-6 120 -	 140 190 - 210 230 - 240
SP -7 110 -	 140 180 - 200 220 - 240
SP-8 65 -	 75 110 -	 130 135 -	 150
SP-9 90 -	 100 150 -	 160 200 - 210
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TABS
SPINET. CATALYST RESISTI, VITY
Spine]
CaNtalxst
o.
Resistivity
Ohm - cm x 105
1 0.007 - 0.010
2 0.010 -	 0.013
3 0.080 - 0.090
4 0.020 - 0.025
5 0.058 - 0.345
6 0.070 - 0.085
7 1.0 -	 1.1
8 0.011 - 0.080
9 0.00 - 0.023
10 8.4 - 9.2
11 0.020 - 0.024
12 0.390 -	 1.36
13 12.00 -	 13.00
14 12.00 -	 14.00
* Catalyst compositions appear In Table
.8-
In the forthcoming quarter a method for optimal construction
of porous 3" x 3" electrodes will be developed, and subsequently
three spinet catalysts will be evaluated In two-week fuel cell
runs. Electrodes containing SP-7, SP-8 and So-9 will be tested
vs. AB-40 anodes in fuel cells a, 8000 and 15 psig.	 In addition,
AS -40 cathodes will be used in a control experiment. Assembly of
equipment and preliminary fuel cell runs is now being completed.
very truly yours,
M. Eisenberg
Project Supervisor
EIECTRQCHIMICA CORPORATION
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Figure .1"- Bubble Cell for Oxygen Cathode Studies at
Elevated Temperatures.
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Figure 3 s Semi -Immersed Rotat±ng Disc Electrode Device
(SIRED) for Electrode Kinetic Scannilg of
Catalysts
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